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Abstract
The SU(3) meson exchange approach to interactions within the baryon octet
and nuclear density functional theory are used to derive an ab initio description
of hypernuclear interactions. The density dependence of interactions is recast
into a DFT with density dependent interaction vertices. The field-theoretical
structure is retained by expressing the vertices as functionals of the matter
field operators. Applications to infinite hypermatter and neutron star matter
are discussed. A new approach is presented allowing to determine in-medium
coupling constants out of the NN -vertex functionals, obtained e.g. by DBHF
theory, for the full baryon octet by exploiting SU(3) relations.
1. Introduction
Hypernuclear physics has obtained new momentum by a series of new ob-
servation of an exotic system like 6ΛH [1], an unexpected and yet unexplained
short-life time of the hypertriton [2], and strong indications for a nnΛ bound
state [3] which would be the first and hitherto only charge-neutral system bound
by strong interactions. Recent results on light hypernuclei and their antimatter
counterparts [4, 5] at RHIC and the LHC, respectively, seem to confirm the sur-
prising life-time reduction and, moreover, point to a not yet understood reaction
mechanism. The ”hyperonization puzzle” heavily discussed for neutrons stars
[6] is another aspect in the revived strong interest in in-medium strangeness
physics.
Hyperons and hypernuclei are short-lived objects and as such do not exist
as stable particles. Their production always requires special efforts, as reviewed
e.g. in [7, 8, 9]. High energy hadronic reactions, providing a broad spectrum of
final fragments, are a very suitable tool for investigations of strangeness in the
nuclear medium. Our recent studies [10, 11, 12, 13, 14, 15, 16, 17, 18] of the
production mechanism in the Giessen resonance model are emphasizing the role
played by baryon resonances as the most important source for strangeness and
hypernuclear production, at least at energies below TLab ∼ 10 GeV. A report
on our latest results on strangeness production will be found elsewhere in this
volume [19]. A typical scenario is that a target nucleon is excited into a nu-
cleon resonance N∗, being located above the strangeness production threshold
and decaying into a hyperon Y and an antikaon K¯. This resonance mechanism
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is an important scenario in hadron-induced hyperon production as well as in
strangeness production in heavy ion collisions. The dense and hot environment
in a heavy ion collision at energies of a few GeV per nucleon allows additional
production paths by secondary rescattering processes of hadrons already pro-
duced in earlier stages of the reaction. Those results lead to the conclusion that
hadronic degrees of freedom are prevailing in nuclear matter, even at densities
a few times the nuclear saturation density ρsat = 0.16fm
−3 and moderate tem-
peratures. Hence, a description of hypermatter and hypernuclei by baryons and
mesons is well justified.
Hypernuclear production processes are intimately connected to the interac-
tion of hyperons with the background medium by setting the conditions for the
formation or non-existence of hypernuclear bound states [9]. While a larger
number of Λ-hypernuclei are known, see e.g. [7], no safe signal for a particle-
stable Σ or a S = −2 Cascade hypernucleus has been recorded. However, few
examples of double-Λ hypernuclei have been reported. Thus, a unified approach
covering the interactions and dynamics within the lowest baryon flavour octet
is a desirable and worthwhile attempt. In light nuclei Fadeev-methods allow an
ab initio description by using free space baryon-baryon (BB) potentials directly
as practiced e.g. in [20]. For heavier nuclei, density functional theory (DFT ) is
the only available approach being applicable over wide ranges of nuclear masses.
Already some time ago we have made first steps in such a direction [21] within
the Giessen Density Dependent Hadron Field (DDRH) theory. The DDRH
approach incorporates Dirac-Brueckner Hartree-Fock (DBHF ) theory into co-
variant density functional theory (DFT ) [22, 23, 24, 25, 26, 27]. Since then,
the approach is being used widely on a purely phenomenological level as e.g. in
[28, 29, 30, 31]. In the non-relativistic sector comparable attempts are being
made, ranging from Brueckner theory for hypermatter [32] to phenomenolog-
ical density functional theory extending the Skyrme-approach to hypernuclei
[33, 34].
Nucleons and hyperons together are forming the ground state baryon SU(3)
flavour octet. SU(3) symmetry, however is broken as is obvious from the spread
of about 400 MeV among the octet baryon masses, corresponding to a window
of ±20% around the mean mass of the baryon octet. Of course, broken SU(3)
symmetry is taken onto account theoretically, at least on the level of masses
and the corresponding production thresholds. In this work, we study formal
aspects of octet baryon-meson interactions in section 2. New theoretical results
for BB′-scattering in free space are presented in section 3. The evolution of in-
teractions in nuclear matter is studied in section 4. An update of Giessen DDRH
density functional approach is discussed in section 5 and recent results for infi-
nite hypermatter and Λ -hypernuclei are presented. The mapping of in-medium
interactions to an energy density functional with density dependent interac-
tion vertices is investigated with special focus on the diagrammatic structure of
in-medium coupling constants. Exploiting the SU(3)-relations among octet cou-
pling constants, we present in section 6 a new approach predicting in-medium
vertices for the whole baryon octet. The work is summarized in section 7 and
an outlook to future research is given.
2
2. Interactions in the baryon octet
The statement that the quantitative understanding of hypernuclei requires
an accurate knowledge of hyperon-hyperon (Y Y ) and hyperon-nucleon (Y N)
interactions sounds obvious but, in fact, is far from being trivial. The solution
of this basic task is still far from being under control to a satisfactory level at the
degree of accuracy required for a hypernuclear theory of predictive power. The
progress made in the last decade or so for S = −1 systems is only part of the full
story since this involves mainly single-Λ hypernuclei, supplementing the few data
points from old pΛ and pΣ experiments. The latter are essential input for the
approaches developed over the years by several groups. While the Nijmegen [35,
36] and the Juelich group [37], respectively, are using a baryon-meson approach,
the Kyoto-Niigata group [38] favors a quark-meson picture, finally ending also
in meson-exchange interactions. A QCD-inspired path is followed by chiral
effective field theory, reviewed e.g. in Ref. [39]. However, none of the existing
parameter sets is in any sense constrained with respect to interactions in the
|S| ≥ 2 channels. As a consequence, the implementation of SU(3) flavour
symmetry is incomplete. In view of this situation, we found it necessary to
reconsider interactions in the lowest SU(3) baryon octet with special emphasis
on in-medium interactions. As a long-term program the approach will allow to
test interactions more directly under the dynamical conditions of strangeness
and hypernuclear production reactions [9, 18, 19] with leptonic, hadronic, and
nuclear probes, up to heavy ion reactions at relativistic energies. Hyperon and
hypernuclear data from reactions are providing a wealth of information which
has not yet been taken advantage of in full breadth.
Figure 1: The SU(3) multiplets considered in this work: the 1
2
+
baryon octet (upper left), the
pseudo-scalar 0+ (upper right), the vector 1− (lower left), and the pseudo-scalar 0− (lower
right). The octets have to be combined with the corresponding meson-singlets, which are not
displayed, thus giving rise to meson nonets.
In Fig. 1 the SU(3) multiplets are shown which are considered in our ap-
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Channel Meson Mass [MeV] Cut-off [MeV/c]
0− π 138.03 1300
0− η 547.86 1300
0− K0,+ 497.64 1300
0+ σ 760.0 1850
0+ δ 983.0 2000
0+ κ 880.0 2000
1− ω 782.65 1700
1− ρ 775.26 1700
1− K∗ 891.66 1700
Table 1: Meson masses and cut-off momenta treated as fixed valued-input in the calcula-
tions. The scalar meson mass is chosen here in the higher energy tail of the f0(500) spectral
distribution.
proach. The lowest 12
+
baryon octet, representing the baryonic ground state
multiplet, is taken into account together with three meson multiplets, namely
the pseudo-scalar (P ), the vector (V ), and the scalar (S) octets. In addition,
we include also the corresponding meson singlet states, represented physically
by the η′, φ, σ′ states but not shown in Fig. 1. As discussed below, the observed
isoscalar-octet and -singlet mesons are in fact mixtures of bare SU(3) octet-
states η8, ω8, σ8 and singlet states η1, φ1, σ1. The mesons α of each multiplet
couple to the baryons by vertices of a typical, generic structure,
Γα(0
−) : gBB′αΨ¯B′γ5γµΨB∂µΦ (1)
Γα(1
−) : gBB′αΨ¯B′γµΨB∂µΦ+
fBB′α
MB +MB′
Ψ¯B′σµνΨBF
µν
α (2)
Γα(0
+) : gBB′αΨ¯B′ΨBΦ (3)
(4)
given by Lorentz-covariant bilinears of baryon field operators ΨB and the Dirac-
conjugated field operators Ψ¯B = γ0Ψ
†
B and Dirac γ -matrices, to which meson
fields (V, S) or their derivatives (P ) are attached, such that in total a Lorentz-
scalar is obtained. Vector mesons and baryons may also couple via the relativis-
tic tensor operator σµν =
i
2 [γµ, γν ], given by commutators of γ matrices, and
separate tensor coupling constant fBB′α. Here, we neglect the tensor coupling,
except for a discussion of spin-orbit effects in section 5. The Bjorken-convention
[42] is used for spinors and γ-matrices.
While the pseudo-scalar and the vector mesons are well identified as phys-
ical particles or poles in the complex plane, the situation is less clear for the
scalar nonet. We shall come back to this question in a later section. Here,
we mention that we identify σ = f0(500), δ = a0(980), and κ = K
∗
0 (800) as
found in the compilations of the Particle Data Group [40]. In the numerical
calculations, we use an isoscalar-scalar mass mǫ = 760 MeV, roughly corre-
sponding to the ǫ -meson of the Nijmegen-group, still being located well within
the broad spectral distribution of f0(500). The so-called κ-meson has been
observed rather only recently as resonance-like structures in charmonium de-
cay spectroscopy. A two-bump structure with maxima at about 640 MeV and
800 MeV has been observed. Since their recent compilation PDG recommends
a mean mass mκ = 682± 29 MeV [40]. The meson parameters are summarized
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Baryon Mass [MeV] Baryon Mass [MeV]
n 938.56563 Σ− 1197.436
p 1877.27231 Σ0 1192.55
Λ 1115.684 Ξ− 1321.7
Σ+ 1189.37 Ξ0 1314.86
Table 2: The octet baryon masses.
in Tab. 1, the octet baryons are listed in Tab. 2.
We introduce the flavour spinor ΨF
ΨF = (ΨN ,ΨΛ,ΨΣ,ΨΞ)
T
(5)
being composed of the isospin multiplets
ΨN =
(
ψp
ψn
)
, ΨΛ = ψΛ, ΨΣ =

 ψΣ+ψΣ0
ψΣ−

 , ΨΞ =
(
ψΞ0
ψΞ−
)
(6)
where ψi are Dirac spinors. The full Lagrangian is structured in an isospin sym-
metric way, bing in total an isospin scalar. We are dealing with the Lagrangian
L = LB + LM + Lint (7)
accounting for the free motion of baryons with mass matrix Mˆ ,
LB = ΨF
[
iγµ∂
µ − Mˆ
]
ΨF , (8)
and the Lagrangian density of massive mesons,
LM = 1
2
∑
i=P,S,V
(
∂µΦi∂
µΦi −m2ΦiΦ2i
)− 1
2
∑
κ=V
(
1
2
F (κ)
2 −m2κV 2κ
)
(9)
where P, S, V denote summations over the lowest nonet pseudo-scalar, scalar,
and vector mesons. Of special interest for nuclear matter and nuclear structure
research are the mean-field producing meson fields, involving isoscalar-scalar
mesons σ, σs, the isovector-scalar δ = a0(980) meson, and their isoscalar-vector
counterparts ω, φ and the isovector-vector ρ meson, respectively. For finite
nuclei, the photon field V µγ is included. The field strength tensor of the vector
meson fields V µκ , κ ∈ {ω, ρ,K∗, φ, γ} is given by
F (κ)µν = ∂µV
(κ)
ν − ∂νV (κ)µ . (10)
Baryon-meson interactions, contained in Lint, are specified below.
SU(3) octet physics is based on treating the eight baryons on equal footing.
Although SU(3) flavour symmetry is broken by about 20% on the mass scale,
it is still meaningful to exploit the relations among coupling constants, thus
defining a guideline and reducing the number of free parameters considerably.
The eight JP = 12
+
baryons are collected into a traceless matrix B, which is
given by a superposition of the eight Gell-Mann matrices λi, leading to the
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familiar form
B =
∑
i=1···8
λiBi =


Σ0√
2
+
Λ√
6
Σ+ p
Σ− −Σ
0
√
2
+
Λ√
6
n
−Ξ− Ξ0 − 2Λ√
6


, (11)
and which is invariant under SU(3) transformations. The pseudo-scalar(P ),
vector (V ), and, last but not least, the scalar (S) meson nonets are constructed
correspondingly. Taking the JP = 0− pseudo-scalar mesons as an example we
obtain the octet matrix P8
P8 =


π0√
2
+
η8√
6
π+ K+
π− − π
0
√
2
+
η8√
6
K0
K− K0 −2η8√
6

 . (12)
which, for the full nonet, has to be completed by the singlet matrix P1, given
by the unit matrix multiplied by η0/
√
3. We define the SU(3)-invariant combi-
nations[
BBP8
]
D
= Tr
({
B,B
}
P8
)
,
[
BBP8
]
F
= Tr
([
B,B
]
P8
)
,[
BBP1
]
S
= Tr(BB)Tr(P1)/
√
3 (13)
where F and D correspond to anti-symmetric and symmetric combinations of
field operators, respectively, as indicated by the commutators [X,Y ] and anti-
commutators, {X,Y }, respectively. The singlet interaction term is denoted by
S, normalized such that the meson trace is unity. With these relations we obtain
the interaction Lagrangian
LI = −
{
gD
[
BBP8
]
D
+ gF
[
BBP8
]
F
} − gS [BBP1]S , (14)
with the generic SU(3) coupling constants {gD, gF , gS}P . For later use, we
introduce the isospin doublets
N =
(
p
n
)
, Ξ =
(
Ξ0
Ξ−
)
, K =
(
K+
K0
)
, Kc =
(
K0
−K−
)
. (15)
The Σ hyperon and the pion isovector-triplets are expressed in the basis defined
by the spherical unit vectors e±,0 which leads to
Σ·π = Σ+π− +Σ0π0 +Σ−π+ , (16)
also serving to fix phases. We define the pseudo-vector Dirac-vertex operator
Γ = γ5γµ∂
µ. By evaluating the F - and D-type couplings, Eq. (14), we obtain
the pseudo-scalar octet-meson interaction Lagrangian in an obvious, condensed
6
short-hand notation, following the pioneering work of de Swart [41]
mπL8 ∼
− gNNπ(NΓτN)·π + igΣΣπ(Σ×ΓΣ)·π
− gΛΣπ(ΛΓΣ+ΣΓΛ)·π − gΞΞπ(ΞΓτΞ)·π
− gΛNK
[
(NΓK)Λ + ΛΓ(KN)
]
− gΞΛK
[
(ΞΓKc)Λ + ΛΓ(KcΞ)
]
− gΣNK
[
Σ· Γ(KτN) + (NΓτK)·Σ]
− gΞΣK
[
Σ·Γ(KcτΞ) + (ΞΓτKc)·Σ
]
− gNNη8(NΓN)η8 − gΛΛη8 (ΛΓΛ)η8
− gΣΣη8(Σ·ΓΣ)η8 − gΞΞη8(ΞΓΞ)η8. (17)
where the charged-pion mass serves as the mass-scale compensating the effect of
the derivative coupling. The - in total 16 - pseudo-scalar BB′-meson vertices are
completely fixed by the three nonet coupling constants (f8, f1, α) or, likewise,
by (gD, gF , gS)P .
Corresponding relations exist also for the vector and the scalar nonets,
V µ and S, respectively, with their own sets of respective coupling constants
(gD, gF , gS)s,v.
1 The vector case is obtained by the mapping {K,π, η8, η1} →
{K∗, ρ, ω8, φ1} and the scalar couplings are obtained by replacing {K,π, η8, η1} →
{κ, δ, σ8, σ1}. The coupling constants of the three nonets, (m = P, V, S), obey
a common structure. Denoting the isoscalar octet meson by f ∈ {η8, ω8, σ8},
the isovector octet meson by a ∈ {π, ρ, δ}, and the isospin doublet meson by
K ∈ {K0,+,K∗0,+, κ = K∗,0,+0 }, the interaction strengths are determined by
the relations
gNNa =
√
2(gD + gF ), gΛNK = −
√
2
3 (gD + 2gF ), gNNf =
1√
6
(3gF − gD),
gΣΣa =
√
2gF , gΞΛK =
√
2
3 (3gF − gD), gΛΛf = −
√
2
3gD,
gΛΣa =
√
2
3gD, gΣNK =
√
2(gD − gF ), gΣΣf =
√
2
3gD,
gΞΞa = −
√
2(gD − gF ), gΞΣK = −2(gD + gF ), gΞΞf = − 1√6 (3gF + gD).
(18)
where {gD, gF , gS} denotes either set of pseudo-scalar, vector, or scalar cou-
plings. The interactions due to exchange of the isoscalar-singlet meson f ′ ∈
{η1, φ1, σ1} are treated accordingly with the result
gNNf ′ = gΛΛf ′ = gΣΣf ′ = gΞΞf ′ = gS . (19)
2.1. Dynamical SU(3) symmetry breaking
From the above relations, the advantage of referring to SU(3) symmetry
is obvious: For each type of meson (pseudo-scalar, vector, scalar) only four
independent parameters are required to characterize their interaction strengths
with all possible baryons. These are the singlet coupling constant gS , the octet
coupling constants gD, gF , and eventually the three mixing angles θP,V,S, one
for each meson multiplet, which relate the physical, dressed isoscalar mesons to
1We neglect the rank-2 tensor BB′-vector meson coupling
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their bare octet and singlet counterparts. Likewise, a different set of parameters
is used frequently to describe the (P, V, S) multiplets, given by f8 = gD + gF ,
the ratios α8 = gF /(gF + gD), and the singlet coupling constant f1 = gS. It
should also be noted that representations are in use extracting factors
√
2 and
1√
3
from the (D,F )-type and the S-type Lagrangians, respectively.
SU(3) symmetry, however, is broken at several levels and SU(3) relations
will not be satisfied exactly. An obvious one is the non-degeneracy of the phys-
ical baryon and meson masses within the multiplets. As discussed below, this
splitting leads to additional complex structure in the set of coupled equations
for the scattering amplitudes because the various baryon-baryon (BB′) channels
open at different threshold energies
√
sBB′ = mB +mB′ . At energies s < sBB′
a given BB′-channel does not contain asymptotic flux but contributes as a vir-
tual state. Thus, NΛ scattering, for example, will be modified at any energy by
admixtures of NΣ channels.
In addition, SU(3) symmetry is broken explicitly by the fact that Λ and
Σ0 have the same quark content but coupled to different total isospin. There
is an appreciable electro-weak mixing between the ideal isospin-pure Λ and Σ0
states [43]. Exact SU(3) symmetry of strong interactions predicts fΛΛπ0 = 0,
but Λ-Σ0 mixing results in a weak, but non-zero ΛΛπ coupling constant for the
physical Λ-hyperon, as derived by Dalitz and von Hippel [43] already in the
early days of strangeness physics,
gΛΛπ = −2 〈Σ
0|δM |Λ〉
MΣ0 −MΛ
fΛΣπ , (20)
where the ΣΛ element of the mass matrix is given by
〈Σ0|δM |Λ〉 = [MΣ0 −MΣ+ +Mp −Mn] /
√
3. (21)
Substituting the physical baryon masses, we find gΛΛπ = cb gΛΣπ where, up
to four digits, cb = −0.0283 is the symmetry breaking coefficient. From the
nucleon-nucleon-pion part of the interaction Lagrangian, Eq. (17), we find the
isospin matrix element
(NτN)·π = ppπ0 − nnπ0 +
√
2 pnπ+ +
√
2npπ−, (22)
and the neutral pion is seen to couple with opposite sign to neutrons and protons.
This implies that the non-zero fΛΛπ0 coupling produces considerable deviations
from charge symmetry in Λp and Λn interactions. Obviously, Λ-Σ0 mixing also
gives rise to non-zero ΛΛ coupling constants for any (neutral) isovector meson,
in particular for the ρ vector meson and the δ/a0(980), the isovector member
of the 0+ meson octet, respectively but the latter couplings give rise to much
smaller effects.
As seen from Eq. (18), Λ and Σ hyperons are coupled by strong interactions
leading to a strangeness- and isospin/charge-conserving dynamical mixing of
NΛ and NΣ channels. Again, corresponding effects are present also for vector-
isovector and scalar-isovector mesons. As a result, channels of the same total
strangeness S and fixed total charge Q are coupled already on the level of the
elementary vertices in free space. In asymmetric nuclear matter, this effect is
enhanced through the isovector mean-field produced by the ρ0 and the δ0 meson
fields [9, 44]. This leads to a density dependent ΛΣ0 mixing being proportional
8
Q=-2 Q=-1 Q=0 Q=1 Q=2
S=0 nn np pp
S= -1 Σ−n
Λn
Σ0n
Σ−p
Λp
Σ+n
Σ0p
Σ+p
S=-2 Σ−Σ−
Ξ−n
Σ−Λ
Σ−Σ0
ΛΛ
Ξ0n
Ξ−p
Σ+Λ
Σ+Σ0
Ξ0p
Σ+Λ
Σ+Σ0
Σ+Σ+
S= -3 Ξ−Σ−
Ξ−Λ
Ξ0Σ−
Ξ−Σ0
Ξ0Λ
Ξ0Σ0
Ξ−Σ+
Ξ0Σ+
S=-4 Ξ−Ξ− Ξ−Ξ0 Ξ0Ξ0
Table 3: Baryon-baryon channels for fixed strangeness S and total charge Q.
to the isovector mean-field U1 ∼ ρ1 and determined by the isovector baryon
density ρ1 = ρn−ρp, to be supplemented by possible contributions from charged
hyperons. As a result, Λ and Σ0 become quasi-particles with mass eigenstates
different from the flavour eigenstates. The total isospin is of course conserved
by virtue of the background medium.
3. Interactions in Free Space
On the tree-level the octet interaction Lagrangians discussed in the previous
section correspond to standard One Boson Exchange (OBE) amplitudes. In
Tab. 1 the OBE masses and cut-off momenta are displayed. They are kept
fixed throughout the calculations, thus being treated as predetermined external
input parameters. The full interaction amplitudes require the solution of the
Bethe-Salpeter equation. As in [45, 46], we reduce the problem to an effective
Lippmann-Schwinger equation by projecting out the time-like components by
the Blankenbecler-Sugar method. However, different from the better known
SU(2) nucleon-nucleon case, the full SU(3) problem leads to a set of coupled
equations describing interactions within the set of channels of fixed strangeness
S and total charge Q, respectively, where the latter corresponds to fix the third
component of the total isospin, as discussed e.g. in [9, 35, 47] and shown in
Tab. 3. In momentum representation and after performing a partial wave
decomposition we have to solve the coupled integral equation
Tab(q, q
′) = V˜ab(q, q′) +
∑
c
1
2π2
∫
dkk2Vac(q, k)QF (k, s, kFc)Gc(k, s)Tcb(k, q
′)
(23)
where the indices a, b, c account for all relevant quantum numbers in the corre-
sponding flavour and partial wave channels, thus including a summation over
the set of coupled baryon channels. Gc denotes Green’s function in the inter-
mediate channel c, to be evaluated at the on-shell total center-of-mass energy,
fixed by the Mandelstam variable s. In nuclear matter, the Pauli-projector
QF (k, s, kFc) = Θ(k
2
1 − k2F1)Θ(k22 − k2F2) (24)
9
BB′
√
sthres [MeV] BB
′ √sthres [MeV] BB′ √sthres [MeV]
nn 1879.13 Ξ−n 2261.27 Σ+Σ0 2381.92
np 1877.84 Σ−Λ 2313.12 Ξ−Σ− 2519.15
pp 1876.54 Σ−Σ0 2389.99 Ξ−Λ 2437.39
Λ p 2053.96 ΛΛ 2231.37 Ξ0Σ− 2512.29
Λ n 2055.25 Ξ0n 2254.42 Ξ−Σ0 2514.26
Σ+p 2127.64 Ξ−p 2259.98 Ξ0Λ 2430.54
Σ+n 2128.94 Σ0Λ 2308.23 Ξ0Σ0 2507.41
Σ0p 2130.82 Σ0Σ0 2385.10 Ξ−Σ+ 2511.08
Σ0n 2132.12 Σ−Σ+ 2386.81 Ξ0Σ+ 2504.23
Σ−p 2135.71 Ξ0p 2253.13 Ξ−Ξ− 2643.42
Σ−n 2137.00 Σ0p 2253.13 Ξ−Ξ0 2636.57
Σ−Σ− 2394.87 Σ+Λ 2308.23 Ξ0Ξ0 2629.72
Table 4: Baryon-baryon channel threshold energies in the particle basis.
accounts by the step-functions for the Pauli-principle by blocking the occupied
states inside the Fermi spheres kFc = {kF1 , kF2} of particle 1 and particle 2
in channel c. In free space QF reduces to the unity operator. Additional in-
medium modifications are introduced by self-energies, mainly modifying the
propagators. In-medium interactions will be discussed in more detail in later
sections.
The Born-term contributes only at energies above the kinematical thresholds
sthr = sa, sb where for a reaction 1 + 2 → 3 + 4 the threshold energies are
sa = (M1 +M2)
2 and sb = (M3 +M4)
2, respectively. Thus, we find
V˜ BB
′
(q, q′) = V (q, q′)Θ(s− sa)Θ(s− sb) (25)
thus accounting explicitly for SU(3) mass symmetry breaking. In Tab. 2 the
baryon masses are given and the threshold energies are listed in Tab. 4. For
a more detailed understanding of the structure of the coupled equations and
in order to clarify the invariant {8} ⊗ {8} multiplets from the given SU(3)-
multiplet, it is useful to arrange the octet baryons into afore mentioned BB′
multiplets of conserved total strangeness and charge, Tab. 3.
By a properly chosen quadrature method Eq. (23) is conveniently trans-
formed into a numerically easy to solve linear system, see e.g. [46]. The BB′
scattering matrix elements are determined numerically in by expressing the T-
matrix in terms of the K-matrix, T = (1− iK)−1K which is standard technique
in reaction theory [46]. The K-matrix obeys a system of equations as in Eq. (23)
but using only the Cauchy Principal Value part of the intermediate propaga-
tors. Thus, the numerical problem reduces to the solution of a linear system of
equations with real coefficients. The bare coupling constants {gD,F,S}P,S,V are
determined from fits to data, as discussed below. At present, the scarce data
base, however, puts severe constraints on the precision of the derived values.
For a two-body reaction, the tree-level interactions are Lorentz-scalars built
of vertex functionals and meson propagators,
V BB
′
α (q
′, q) = gB1B3αρB1B3α(q, q
′))Dα(Q)ραB2B4(−q,−q′))gB2B4α (26)
where in- and out-states are denoted by B = (B1, B2) and B
′ = (B3, B4),
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respectively. We have introduced the density matrices
ρBB′α(k, k
′) = u¯B(k′)καuB
′
(k) . (27)
Dirac spinors are indicated by uB(k). κα indicates the Dirac and flavour struc-
ture of the vertex. The meson propagators Dα depend on the 4-momentum
transfer Q which is either in the t = (k′ − k)2 or the u = (k′ + k)2 channel,
respectively. In the two-body center-of-momentum frame, the 4-momenta in the
in- and outgoing channels (B1, B2) and (B3, B4), respectively, are k, k
′ with
k = (ω,k). On the mass-shell, k2 = q2 = m2B and the space-like components q
are given by the total Mandelstam-energy s12 = (p1 + p2)
2,
q2 =
1
4s12
(
s12 − (M1 +M2)2
) (
s12 − (M1 −M2)2
)
(28)
and q′ is fixed accordingly. The meson propagators include vertex form factors
of dipole type. The meson masses and the form factor cut-off momenta are
found in Tab. 1. There, also the singlet-octet mixing angles are given which
are taken into account in our calculations. Although in principle the values
of the mixing angles are fixed by the mass relation discussed below in section
6, a breadth of values is in use for free-space calculations, trying to optimize
the results. For the present purpose, we follow this strategy to some extent by
using mixing angles in close orientation on the values of the Nijmegen group,
extracting from the various interaction versions the values given in Tab. 1 as
appropriate averages, held fixed in the calculations.
Figure 2: Total cross section for elastic scattering of Λ (left) and Σ (right) hyperons on a
hydrogen target as a function of the momentum of the incoming hyperon in the laboratory
frame (see also [47]). Our theoretical results are compared to world-data set of experimental
date from [49, 50, 51, 52, 53, 54] for Λ+p and [55, 56, 57] for Σ+p cross sections, respectively.
The tree-level matrix elements V BB
′
=
∑
α VBB′α are entering as kernels
into the Bethe-Salpeter equation. The latter is solved in three-dimensional
reduction, resulting in an equivalent effective Lippmann-Schwinger equation for
the K- or R-matrix, see e.g. [45],
RBB
′
(q′, q) = V BB
′
(q′, q)
+
∑
B′′
P
∫
d3k
(2π)3
V BB
′′
(q′, k)GB′′ (k, s)QF (k, s, kFB′′ )R
B′′B′(k, q) .(29)
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which accounts for the ladder-resummation of two-body interactions in free
space and infinite nuclear matter. The integration is treated as a Cauchy-
Principal Value integral, as indicated. Since in free space QF reduces to the
unity operator. The reduction to an equivalent Lippmann-Schwinger equation
in three dimensions is performed in the Blankenbecler-Sugar scheme. The two-
particle propagator becomes in Blankenbecler-Sugar representation,
GbBS(k, s) = 4
√
M1M2
E1(k)E2(k)
1
(E1(k) + E2(k))2 − s , (30)
to be used for positive energy states only. Hence, in free space the operator R
reduces to the usualK-matrix from which phase shifts and scattering amplitudes
are calculated.
3.1. Hyperon-Nucleon Cross Sections
Irrespective of the fact that there are several optimized parameter sets exist,
we have decided by consistency reasons to determine a new set of coupling
constants by a fit to the existing about 35 data points for total cross sections
of Λ + p and Σ + p elastic scattering. Our strategy was to maintain the SU(3)
relations. Thus, the nine fundamental SU(3) coupling constant {gD, gF , gS}
for the pseudo-scalar, the vector, and the scalar meson nonets were used as fit
parameters by a standard χ2-procedure [48]. With χ2 = 13.6 the quality of
the fit is far away from those obtained in the NN -case, where OBE-approaches
like the Bonn-model typically lead to χ2 ≃ 1. However, in view of the large
uncertainties of the data base such a result had to be expected. During the fit,
slight variations of the form factor cut-off masses by ∆ ∼ 100 · · ·200 MeV had
to be allowed for optimization. The resulting parameter set, including singlet-
octet mixing, is displayed in Tab.5. The values of the coupling constants in the
various BB′-meson channels are easily found by means of the relation given in
Eq.(18).
Channel gD gF gS θ [deg.]
pseudo-scalar 3.22016 2.14678 0.1913 -23.0
vector 0 1.48492 1.6037 35.26
scalar 0.18809 1.15541 1.8546 37.50
Table 5: The fundamental SU(3) coupling constants and the octet-singlet mixing angles for
the three meson-nonets.
Our result are illustrated by comparison to the existing total elastic cross
section data. In Fig. 2 results for Λ + p and Σ + p cross sections are displayed.
The few data points are seen to be described satisfactorily, but clearly, the data
do not constraint sufficiently well the model parameters. This a well known find-
ing in other approaches, too, see e.g. [35, 37, 39]. The extrapolated threshold
behaviour is typical for s-wave scattering. In the shown energy range actually
only a few higher partial waves contribute to the cross section. At higher ener-
gies, just outside the shown window, the Λ + p cross section shows the typical
kink-behaviour at plab ≃ 630 MeV/c where the Σ + p channels opens. A more
extended sample of cross sections will be given elsewhere [58].
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4. Baryon-Baryon Interactions in Infinite Nuclear Matter
The extension to in-medium scattering is readily achieved on the basis of
the T-matrix, Eq. (23). In a medium, an important role is played by the Pauli-
projector QF , defined in Eq.(24). The 3-momenta ki, entering into QF , are
defined in the nuclear matter frame. They depend on the Mandelstam energy
s through the conserved total momentum, P 2 = s− (E1 + E2)2, since
k1,2 = ±k + x1,2P (31)
with the Lorentz-invariant transformation coefficients
x1,2 =
s∓ (m22 −m21)
2
√
s
(32)
where the upper sign correlates with particle 1 and x1 + x2 = 1. Thus, we find
in slightly different notation
QF (k, P, u, kF ) = Θ(k
2 + x21P
2 + 2x1kPu− k2F1)Θ(k2 + x21P 2 − 2x1kPu− k2F2)
(33)
where u = cos(β) describes the angle between the vectors k and P. In practice,
we use the angle-averaged projector
Q¯F (k, P, kF ) =
1
2
∫ +1
−1
duQF (k, P, u, kF ) (34)
In nuclear matter, vector and scalar self-energies, Σµ = (Σ0,kEi/Mi)
T and
Σs, respectively, should be added, thus modifying the energies Ei in the prop-
agators Eq. (30). Thus, there are various sources of in-medium modifications.
Among them, the Pauli-projector, however, provides typically the largest single
contribution, as one easily sees from the Dyson-equation
G∗B(q, kF ) = GB(q)−GB(q)ΣB(q, kF )G∗B(q, kF ) , (35)
relating the in-medium single-particle Green-function G∗B(q, kF ) to the free-
space propagator GB(q), depending only on the 4-momentum q. Hence, self-
energy effects are suppressed GΣ ∼ ΣB/MB ≪ 1. Similar conclusions will be
found for self-energies contributions in the in-medium spinors.
The low-energy parameters are an appropriate measure for interactions. For
s-wave scattering at q → 0 they are defined by
1
q
tan δs(q, kF ) ∼ −as(kF )
(
1 +
1
2
q2as(kF )rs(kF ) + · · ·
)
(36)
where as and rs denote the scattering length and the effective range parameter,
respectively. The scattering length is related to the volume integral of the R-
matrix, as(kF ) =
2µ
~24πR(0, kF )|ℓ=0, where µ is the reduced mass. Corresponding
relations are found in all interaction channels. Thus, up to a normalization factor
the scattering lengths correspond to in-medium effective coupling constants. In
Fig. 3 the scattering lengths of the singlet-even (SE) channels are displayed
for the channels with strangeness S = −1,−2. With increasing density, the
interaction strength decreases rapidly in all channels approaching a plateau at
densities close to nuclear equilibrium. Overall, the scattering lengths are only
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Figure 3: In-medium Singlet-Even (SE) s-wave scattering lengths for the S = −1 hyperon-
nucleon channels (left) and for the S = −2 double-hyperon channels (right) as a function of
the Fermi-momentum kF ∼ ρ
1/3 (see also [47]).
about 10% of the values found in the NN -system, for the latter see e.g. [46],
reflecting the much weaker Y Y interaction. In fact, we encounter a known
severe problem: Using the SU(3) parameters derived from NY -scattering for
NN -scattering, the resulting NN scattering lengths and cross sections are far
off the experimental values.
With the T- and K-matrices available, we have access to the full BB′ scat-
tering amplitude. For nuclear structure work we are interested in the first
place on the G-matrix as introduced by Brueckner which is nothing but the
in-medium K-matrix. While the natural representation of the K -matrix is the
singlet/triplet-even/odd formalism, for nuclear matter calculations the explicit
representation in terms of spin-isospin operators is more convenient. The two
representation are related by an orthogonal transformation among the two op-
erator sets. Thus, for each isospin doublet introduced in Eq. (15) we obtain in
non-relativistic reduction a structure familiar from the nucleon sector,
RBB
′
(ξ, kF ) =
∑
S,I=0,1
RBB
′
SI (ξ, kF ) (σB · σB′)S (τB · τB′)I
+
∑
I=0,1
(
RBB
′
LI (ξ, kF )L · S+RBB
′
TI (ξ, kF )S12
)
(τB · τB′)I(37)
and also spin-orbit and rank-2 tensor terms are displayed. The amplitudes
RSI(ξ, kF ) are given either in momentum space (ξ = {k1,k2}) or, if a static
potential picture is an acceptable approximation, in coordinate space (ξ =
{r1, r2}). For a given (BB′)-combination some of the RSI may vanish. For-
mally, also the interactions involving the Σ -isotriplet can be cast into such a
form, except that one (or both) Pauli-type isospin operators have to be replaced
by the proper isospin-1 operator, τB → TΣ. In a single-hyperon spin-saturated
nucleus the hyperon mean-fields are then given by
UY A = UY A0 + U
Y A
L0 ℓY · σY +
(
UY A1 + U
Y A
L1 ℓY · σY
)
τ0Y (38)
where the central isoscalar and isovector potentials UY A0,1 (ρ0,1) are determined
by the isoscalar and isovector nuclear densities, ρ0,1 = ρn ± ρp, respectively.
Similar expressions hold also for the spin-orbit terms.
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In infinite nuclear matter the hyperon-potentials have a particular simple
structure. The static, momentum-independent part is determined in leading
order by the s-wave scattering length. Taking as an example the Λ-case, we
express the low-energy in-medium K-matrix in terms of the singlet and triplet
spin-projectors P1,3 and the NΛ reduced mass µNΛ
KΛN(q, kF ) ≃ 4π~
2
2µNΛ
{
aSEΛN (kF )P1 + a
TE
ΛN (kF )P3
}
(39)
which leads to the nuclear matter potential
UΛ(ρ) =
4π~2
2µNΛ
(
1
4
aSEΛN (ρ) +
3
4
aTEΛN (ρ)
)
ρN , (40)
where ρ is the total baryon number density. Corresponding potentials will result
from ΛY interactions.
5. Covariant DFT Approach to Hypernuclear Physics
In the previous section, the attempt to study Y N and Y Y interactions by
a fit to the Y N -scattering data was only partly successful in the sense that
NN -scattering is not described properly by the derived set of SU(3) coupling
constants. In this section, we approach the problem from the reverse side: We
start from well understood NN quantities and use the SU(3) relations to ex-
trapolate into the strangeness sector. Since our primary interest is on hyperons
in nuclear matter, we consider throughout in-medium interaction, based on our
previous NN DBHF results in asymmetric nuclear matter.
For obvious reasons, in nuclear structure research the meson fields giving
rise to condensed classical field components are of primary importance. Hence,
the isoscalar and isovector self-energies from scalar and vector mesons are dom-
inating nuclear mean-field dynamics. In this section, devoted to nuclear ground
state dynamics and single particle motion we therefore set the focus on the
mean-field producing scalar and vector mesons. However, since we apply (Dirac-
)Brueckner theory, the full set of mesons will contribute indirectly through
the solution of the in-medium Lippmann-Schwinger equation. Self-energies will
be evaluated formally on the Hartree-level but anti-symmetrization effects are
included effectively by extracting density dependent coupling constants from
the full DBHF/BHF self- energies, as discussed in detail in our former work
[21, 24, 26, 45].
From the 1− vector meson octet condensed isoscalar ω and isovector ρ meson
fields will evolve. In a system with a large fraction of hyperons also condensed
scalar-octet κ and vector-singlet φ mesons fields can appear. An apparent short-
coming of a pure SU(3) approach, however, is the absence of a clearly defined,
natural scalar meson multiplet and, hence, the absence of a binding mean-field.
As mentioned already in section 2, we introduce a nonet of scalar mesons, treated
as sharp mass states, but keeping in mind the inherent limitations.
Here, we use the DDRH Lagrangian including the baryon octet [21, 22,
23, 24, 26]. In this case, the interaction Lagrangian is given by the isoscalar
octet-mesons σ and ω and their singlet ss¯ counterpart σ′ and φ, respectively.
Isovector self-energies are described by the scalar δ/a0(980) and the vector ρ
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mesons, respectively. Thus, we use the interaction Lagrangian, relevant for the
mean-field sector,
Lint = ΨF Γˆσ(ΨF ,ΨF )ΨFΦσ −ΨF Γˆω(ΨF ,ΨF )γµΨFV µω
−ΨF Γˆρ(ΨF ,ΨF )γµΨF ~V µρ +ΨF Γˆσ′(ΨF ,ΨF )ΨFΦσ′
−ΨF Γˆφ(ΨF ,ΨF )γµΨFV µφ − eΨF QˆγµΨFV µγ , (41)
which has to be complemented by the previously introduced baryon and meson
kinetic Lagrangian densities LB and LM . The photon field is included and Qˆ
is the electric charge operator. The field-theoretical structure of the vertices
as functionals of the matter field operators has been indicated explicitly. Of
course, the full theory, as introduced before, includes the pseudo-scalar mesons
as well. On the mean-field level, their contributions are contained in the ver-
tex functionals which also account for anti- symmetrization effects such that
we finally end up with an easy to handle effective Hartree-theory. Formally,
this is achieved by a Fierz-transformation, mapping the operator structure of
the anti- symmetrized u-channel interaction to an effective t-channel Hartree
operator structure. In a last step, the u-channel propagators are averaged over
the Fermi-sea. Thus, the u-channel is formally eliminated and mapped to the
t-channel, extending our approach of Ref. [63] into the covariant regime. Obvi-
ously, the approach must be used only in a Hartree-scheme because otherwise
uncontrollable double-counting effects will spoil the results.
5.1. In-medium baryon-baryon vertices
In order to understand the subtleties of including baryon-baryon (BB) cor-
relations into a field theory of a higher flavour content we briefly sketch the
derivation of density dependent vertices Γ from Dirac-Brueckner theory. A La-
grangian of the type as defined above leads to a ladder kernel V BB
′
(q′, q) given
in momentum representation by the superposition of one boson exchange (OBE)
potentials V BB
′α(q’,q).
In structure calculations the G-matrices RBB
′
are required in the nuclear
matter rest frame rather than in the 2-body c.m. system. In practice, the
transformation is achieved by projection on the standard set of scalar (S), vector
(V), tensor (T), axial vector (A) and pseudo scalar (P) Lorentz invariants [60,
61, 62]. For our purpose, however, a more convenient representation is obtained
by expanding the R -matrices in terms of OBE-type propagatorsDa with masses
ma, as e.g. done in [63]. Hence, we use the ansatz
RBB
′
(q, q′, kF ) =
∑
a
Γ†a,µ(qs, kF )M
B1B3
a Da(q, q
′)MB2B4a Γ
µ
a(qs, kF ) (42)
where MBiBka accounts for the spin-flavour structure of the vertices a. The
momentum structure is covered by the propagators Da. The dependence on the
center-of-mass energy and the density of the background medium, expressed by
qs and kF , respectively, is contained in the vertex functionals Γˆa = ΓaMa. We
define Γ2a = Γˆ
†
a · Γˆa and inserting this ansatz into Eq. (29), we find the formal
solution
Γ2a = D
−1
a
[
1−
∫
dq′V GQF
]−1
V (43)
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where a symbolic notation has been used. By means of
D−1a →
δ
δDa
;
δV (q′)
δDa(q)
= g2aδ(q, q
′) (44)
we obtain
Γ2a =
1
(1− ∫ V GQF )2 g2a
(
1−
∫
dq′V GQF (1 − δ(q, q′))
)
(45)
and by neglecting the off-shell integral, we obtain in leading order
Γa ≃ 1
1− ∫ dq′V GQF ga ∼
1
1− 1MBΣB(kF )
ga (46)
where ΣB ∼
∫
dqV GQF denotes the tree-level self-energy of the baryons B on
which the vertex operator is acting. Thus, the ladder series has been resummed
with the result that energy and density dependent effects are mapped into corre-
lated vertices. Moreover, the result provides access to systematic investigations
of in-medium interactions by a (self-consistent) series expansion in terms of
self-energies. The diagrammatic structure is depicted in Fig. 4.
Figure 4: Diagrammatic structure of the correlated vertex functionals Γ in terms of the
baryon self-energies Σ, normalized to the baryon mass (see text). Bare coupling constants g2
are indicated by full circles.
The vertices Γˆ are carrying an implicit operator structure which becomes
clear by considering that the matrix elements MBB
′
a are in fact matrix elements
of bilinears of fermion field operators, contracted with Dirac- and isospin/flavour-
operators. This gives access to a field-theoretical interpretation, considering the
correlated vertices as functionals of the baryon field operators Γˆa(Ψ¯BΨB).
The full baryon self-energies have to be evaluated in terms of the G-matrix,
i.e. the in-medium R-matrix. By means of Eq. (42) we find
ΣaB(k, kF ) = trstrf
∫
d3k′
(2π)3
Γ2a(k
′, kF )M
B,Bf
a Da(k, k
′)nsBf (k
′, kF ) (47)
where traces over spin s and flavours f are indicated. The Fermi-momentum is
denoted by kF and nsBf (k) ∼ Θ(kFB − k) denotes the ground state occupation
number of particles of given spin-flavour structure. Neglecting the (weak) mo-
mentum dependence of self-energies for the moment, we find the useful relation
Γ2aB(kF ) =
1
ρa
ΣaB(kF ) +O((kF
M
)2) (48)
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where the next-to-leading order term is indicated explicitly. The density is
defined as
ρa = trstrf
∫
d3k′
(2π)3
M
B,Bf
a Da(k, k
′)nsf (k′, kF ) . (49)
In practice, we encounter the vector and scalar densities with MBBv = 1 and
MBBs =MB/EB(k), respectively. In infinite nuclear matter they are given by
ρB =
Ns
6π2
k3FB ; ρsB = ρBfs(
kFB
M∗B
) (50)
where Ns = 2 is the spin multiplicity and
fs(z) =
3
2z3
(z
√
(1 + z2)− log (z +
√
(1 + z2))) . (51)
M∗B = MB − ΓsB(kF )Φs(kF ) indicates the relativistic effective baryon mass
due to the action of the total scalar field Φs, including isoscalar and isovector
components. Thus, if the self-energies are known independently, Eq. (48) serves
to determine the equivalent density dependent vertices. In Fig. 5 isoscalar
and isovector vertices from purely nucleonic DBHF calculations are displayed.
The general behavior is a reduction of the coupling strength with density. An
exception is the isovector-scalar vertex: in asymmetric nuclear matter the scalar
densities and fields obey a set of coupled non-linear equation leading to the
peculiar behaviour seen in Fig. 5.
Figure 5: In-medium NNα isoscalar (α = σ, ω) and isovector (α = δ, ρ) vertices determined
from DBHF self-energies in asymmetric nuclear matter as explained in [45].
As a first application, the vertices are used in relativistic mean-field calcu-
lations, amounting to solve the stationary Dirac equation(
α · p+Σ0B(ρ) + γ0M∗B(ρ)− eqB)
)
ψqB = 0 (52)
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for a baryon B in state q with effective mass M∗B(ρ) =MB−ΣsB(ρ), The vector
and scalar self-energies are given by
Σ0B(ρ) = Γ
B
ω (ρ)V
0
ω (ρ) + τBΓ
B
ρ (ρ)V
0
ρ (ρ) + Γ
B
φ (ρ)V
0
φ (ρ) + Σ
(r)(ρ) (53)
ΣsB(ρ) = Γ
B
σ (ρ)Φσ(ρ) + τBΓ
B
δ (ρ)Φδ(ρ) + Γ
B
σ′(ρ)Φσ′ (ρ) (54)
and for a finite nucleus the Coulomb potential eBV
0
γ (ρ) must be added to the
vector self-energy, where eB denotes the electric charge of particle B. The
condensed fields ϕα ∈ {V 0ω , V 0ρ , V 0φ , V 0γ ,Φσ,Φδ,Φσ′} are obeying classical inho-
mogeneous Klein-Gordon field equations of the type(
−~∇2 +m2s
)
ϕα =
∑
B
ΓBα (ρ)ρ
B
α (ρ) . (55)
In addition, rearrangement self-energies Σ(r) are contributing which are deter-
mined essentially by the density derivatives of the coupling constants [22, 23, 26].
They are accounting for vertex and propagator renormalization due to static po-
larization effects of the medium. In particular, the rearrangement self-energies
are essential for ensuring basic thermodynamical relations [23], most promi-
nently found in the consistency relation for the thermodynamical and the me-
chanical pressure as expressed in the Hugenholtz-van Hove theorem [64]. The
diagrammatic structure of the self-energies is illustrated in Fig. 6.
Figure 6: Derivation of the self-energies by first variation of the energy density with respect
to the density, leading to tadpole and rearrangement contributions, indicated by the first and
second graph on the right hand side of the equation, respectively. The density dependent
vertices are indicated by shaded squares, the derivative of the vertices by a triangle.
In infinite matter, the field equations simplify to algebraic equations because
the spatial derivatives vanish by symmetry. Then, the energy-momentum tensor
T µν =
∑
i
∂L
∂(∂µφi)
∂νφi − gµνL (56)
φi ∈
{
Ψ,Ψ, V µω , V
µ
ρ , V
µ
γ , V
µ
φ ,Φσ,Φδ,Φσ′
}
can be evaluated in closed form. In infinite matter, the energy density and the
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pressure functionals are obtained from the energy-momentum tensor as
ǫ = 〈T 00〉 =
∑
b=n,p
1
4
[3EFbρb +m
∗
bρ
s
b]
+
1
2
[
m2σΦ
2
σ +m
2
δΦ
2
δ +m
2
σ′Φ
2
σ′ +m
2
ωV
0
ω
2
+m2ρV
0
ρ
2
+m2φV
0
φ
2
]
(57)
p =
1
3
3∑
i=1
〈T ii〉
−
∑
B
1
4
[EFBρB −M∗Bρsb] +
∑
B
ρBΣ
0(r)
− 1
2
[
m2σΦ
2
σ +m
2
δΦ
2
δ +m
2
σ′Φ
2
σ′ −m2ωV 0ω
2 −m2ρV 0ρ
2 −m2φV 0φ
2
]
. (58)
Both are seen to be functionals of the number densities which in Lorentz-
invariant form are given in terms of the baryon vector currents, ρ2B = jµj
µ.
Infinite hypermatter, composed of protons, neutrons, and hyperons, is the nat-
ural extension of proton-neutron nuclear matter into the strangeness sector. We
define the respective baryon fractions ξB = ρB/ρ, adding up to unity. As in the
case of (p, n)-matter we consider the binding energy per particle
ε(ρ)/ρ = ǫ(ρ)/ρ−
∑
B
ξBMB . (59)
In Fig. 7 results for (p, n,Λ)-matter are shown where Λ-hyperons are embedded
into a background of symmetric (p, n)-matter. Hence, we fix ξp = ξn and ξΛ =
1− 2ξp such that at given total baryon number density ρp,n,Λ = ξp,n,Λρ. In Fig.
7 the binding energy of that particular example of hypermatter is displayed.
The saturation properties of symmetric pure (p, n)-matter are very satis-
factorily described: The saturation point is located within the experimentally
allowed region at ρsat = 0.166fm
−3 and ε(ρsat) = −15.95 MeV with an incom-
pressibility K∞ = 268 MeV which is at the upper end of the accepted range of
values. Adding Λ hyperons the binding energy first increases until a new mini-
mum for 10% Λ-content is reached at ρmin = 0.21fm
−3 with a binding energy
of ε(ρmin) = −18 MeV. Increasing either ξΛ and/or the density, the binding
energy approaches eventually zero, as marked by the red line In Fig. 7. The
minimum, in fact, is located in a rather wide valley, albeit with comparatively
steep slopes, thus indicating the possibility of a large variety of bound single
and even multiple-Λ hypernuclei. Note, however, that the binding energy per
nucleon considerably weakens at high densities as the Λ-fraction increases.
5.2. Single-Λ Hypernuclei
In the DDRH approach we have been following the widely used practice to
relate Λ coupling constants by a scaling factor to the corresponding nucleon
coupling constants [21]. Hitherto unpublished results will be discussed in this
section. The scaling hypothesis is based on the SU(6) quark model by assuming
that the non-strange mean-fields couple only to the non-strange quark content
of baryons. Na¨ıvely, this leads to the hypothesis that the Λ-vertices should be
reduced globally by 1/3, i.e. they are to be multiplied by a factor RΛ =
2
3 .
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Figure 7: Binding energy per baryon of (n, p,Λ) matter. The Λ fraction is defined as ξΛ = ρΛ/ρ
and the background medium is chosen as symmetric (p, n) matter, ξn = ξp. The absolute
minimum is marked by a filled circle. The line ε = 0 is indicated by a red line.
In practice, however, this is not confirmed by fits to Λ-hypernuclear spectra
[59], partly because of global symmetry breaking on the mass scale and partly
because of many-body effects [21]. Thus, in the DDRH approach we define
ΓΛσ,ω(ρ) = Rσ,ωΓ
N
σ,ω(ρ) (60)
and treat the scaling factors as free parameters. The investigations of infinite
nuclear and neutron star matter, beta-stable and exotic nuclei [23, 24], hyper-
nuclei [21, 25], and asymmetric nuclear matter at finite temperature [27] have
led to scaling factors ranging around Rσω ∼ 0.5 which, in fact, is close to the
quark model hypothesis. In Fig. 8 the latest results for Λ separation energies for
the full set of known single-Λ hypernuclei are shown. The calculations include
also contributions from the relativistic tensor part. The KEK-data of Hotchi et
al. [65] for 41Λ V and
89
λ Y have been especially important because of their good
energy resolution and the observation of a large number of Λ bound states.
A caveat for those nuclei is that the hyperon is attached to a high-spin
core, 40V (6−) and 88Y (4−). Hence, the Λ spectral distributions are additionally
broadened by core-particle spin-spin interactions. A consistent description of the
spectra could only be achieved by including those interactions into the analysis.
A phenomenological approach was chosen by adding the core-particle spin-spin
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Level 89Λ Y
41
Λ V
1s1/2 -22.94 ± 0.64 MeV -19.8 ± 1.4 MeV
1p3/2 -17.02 ± 0.07 MeV -11.8 ± 1.3 MeV
1p1/2 -16.68 ± 0.07 MeV -11.4 ± 1.3 MeV
1d5/2 -10.26 ± 0.07 MeV -2.7 ± 1.2 MeV
1d3/2 -9.71 ± 0.07 MeV -1.9 ± 1.2 MeV
1f7/2 -3.04 ± 0.11 MeV −
1f5/2 -3.04 ± 0.11 MeV −
Table 6: DDRH results for Λ single particle energies.
energy to the Λ eigenenergies
e(jJC)JΛ = e
RMF
jΛ + EjJc〈(jJC)J |jλ · JC |(jJC)J〉 . (61)
giving rise to a multiplet of states. The multiplet-spreading is found to account
for about half of the spectral line widths. Hence, if neglected, badly wrong
conclusions would be drawn on an extraordinary large spin-orbit splitting, too
large by about a factor 2. Including the spin-spin effect leads to a spin-energy
fully compatible with the values known from light nuclei. The analysis includes
also the contributions from the relativistic tensor vertex [66], modifying the
effective Λ-spin-orbit potential to
UBso =
1
r
r · ∇
[(
2
M∗B
MB
fΛλω
gΛλω
+ 1
)
ΣΛω +Σ
Λ
σ
]
(62)
Here, the tensor strength f appears as an additional parameter. For the NN
case, fNNω is known to be weak and usually it is set to zero. The small spin-
orbit splittings observed in hypernuclei has led to speculations that the tensor
part may be non-zero, partly cancelling the conventional spin-orbit potential,
given by the difference of vector and scalar self-energies. This should happen
for f/g ∼ −1 as seen by considering that Uso is a nuclear surface effect where
M∗ ∼ M and also the self-energies are about the same. The KEK-spectra
are described the best for vanishing Λ tensor coupling, fΛλω/gΛλω = 0, thus
agreeing with the NN -case. Our results for the Λ single particle spectra in the
two nuclei are found in Tab. 6.
The averaged spin-orbit splitting is about 223 keV and 283 keV and the spin-
spin interaction amounts to EjJc = 106 keV and EjJc = 61.3 keV in Vanadium
and Yttrium, respectively. Extrapolating the separation energies shown in Fig.
8 to (physical unaccessible) large mass number, the limiting value S∞Λ ≃ 28 MeV
is asymptotically approached for A→∞ which we identify with the separation
energy of a single Λ -hyperon in infinite nuclear matter. Thus, we predict for
the in-medium Λ-potential in ordinary nuclear matter a value of 28 MeV.
6. SU(3) Constraints on In-Medium Octet Coupling Constants
The SU(3) relations among the coupling constants of the octet baryons and
the 0−, 0+, 1− meson nonets are conventionally used as constraints at the tree-
level baryon interactions. In this section we take a different point of view. First
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Figure 8: Separation energies of the known S = −1 single Λ hypernuclei as a function of the
mass number A to power γ = − 2
3
. Results of two sets of scaling parameter sets are compared
to measured separation energies. For the ℓ > 0 levels the spin-orbit splitting is indicated. For
A → ∞ the limiting value S∞
Λ
≃ 28 MeV is asymptotically approached as indicated in the
figure. Thus, we predict for the in-medium Λ-potential in ordinary nuclear matter a value of
28 MeV. The data are from refs. [65, 67, 68, 69, 70].
of all, the mixing of singlet and octet mesons, to be discussed below, is con-
sidered. An interesting observation, closely connected to the mixing, is that in
each interaction channel the three fundamental SU(3) constants gD, gF , gS are
already fixed by the NN vertices with the isoscalar and isovector octet mesons
and the isoscalar singlet meson, under the provision that the octet-singlet mix-
ing angles are known. As shown below, the mixing angles depend only on meson
masses. Since the Brueckner-approach retains the meson masses, the relations
fixing the mixing angles are conserved by the solutions of the Bethe-Salpeter
or Lippmann-Schwinger equation, respectively. Moreover, SU(3) symmetry in
general will be conserved, as far as interactions are concerned. The only sub-
stantial source of symmetry breaking is due to the use of physical masses from
which one might expect SU(3) violating effects of the order of 10%. Although
in low-energy baryon interactions the exchange particles are far off their mass
shell, the on-shell mixing relations will persist because the BB′ T-matrices are
symmetry conserving.
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Figure 9: In-medium fundamental SU(3) vector vertices gvA (as indicated) versus the baryon
density ρ.
6.1. Octet-Singlet Mixing
In the quark model, the isoscalar mesons have flavour wave functions
|f1〉 = 1√
3
(|uu¯〉+ |dd¯〉+ |ss¯〉) (63)
|f8〉 = 1√
6
(|uu¯〉+ |dd¯〉 − 2|ss¯〉) (64)
(65)
Since they are degenerate in their spin-flavour quantum numbers the physical
states f8 → f and f1 → f ′ will be superpositions of the bare states. Taking this
into account, the physical mesons are written as
|fm〉 = cos θm|f0〉+ sin θm|f8〉 (66)
|f ′m〉 = sin θm|f0〉 − cos θm|f8〉 (67)
where fm ∈ {η, ω, σ} and f ′m ∈ {η′, φ, σs}. Ideal mixing is defined if fm does not
contain a ss¯ component and f ′m is given as a pure ss¯ configuration, requiring
θideal = π/2− arcsin(
√
(2/3)) ≃ 35.3 °. Physical mixing within a meson nonet,
however, is reflected by mass relations of the Gell-Mann Okubo-type. The
widely used linear mass relation [40]
tan θm =
4mK −ma − 3mf ′
2
√
2(ma −mK)
(68)
leads to (η, η′) mixing with θP = −24.6 ° and (ω, φ)-mixing with θV = +36.0 °,
respectively. For the scalar nonet, the situation is less well understood, mainly
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because of the unclear structure of those mesons. The 0++ multiplets are typi-
cally strongly mixed with two- and multi-meson configurations or corresponding
multi-qq¯-configurations, leading to broad spectral distributions. For the pur-
pose of low-energy baryon-baryon and nuclear structure physics we follow the
successful strategy and identify the lowest scalar resonances as the relevant de-
grees of freedom. Thus, we choose the scalar octet consisting of the isoscalar
σ = f0(500), the isovector a0(980) and the isodoublet κ = K
∗
0 (800) mesons,
respectively. While these mesons are observed at least as broad resonances [40],
the isoscalar-singlet partner σ′ of the σ-meson is essentially unknown. From the
SU(3) mixing relation, however, one easily derives the instructive mass relation
[40],
(mf +mf ′)(4mK −ma)− 3mfmf ′ − 8m2K + 8mKma − 3m2a = 0 , (69)
serving as a constraint among the physical masses. Solving this equation for the
scalar singlet meson we find the mass mf ′ = mσ′ = 936
+406
−88 MeV. The large
uncertainty range indicates the uncertainties of the choice of the σ- and the
κ = K∗0 -masses, mentioned before. We use the mean mass valuesMσ = 475MeV
and mκ = 740 MeV, leading the scalar-singlet mass mσ′ = 936 MeV, which lies
close to mass of the f0(980) state, in good compliance with general expectations
[40]. Then, the corresponding scalar mixing angle is θS = −50.73 °. In Tab. 7
the mixing results are collected.
Figure 10: In-medium fundamental SU(3) scalar vertices gsA (as indicated) versus the baryon
density ρ.
Meson-mixing affects directly the baryon interactions. The transformed BB-
vector nonet coupling constants are displayed in Tab. 8 and corresponding
relations hold for the pseudoscalar {ω, ρ,K∗, φ} → {η, π,K, η′} and the scalar
nonets, {ω, ρ,K∗, φ} → {σ, a0, κ, σ′}.
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Channel f f ′ a θ [deg.]
Pseudo-scalar η η′ π -25.65
Vector ω φ ρ +36.0
Scalar σ σ′ a0 -50.73
Table 7: Octet-Singlet meson mixing used to determine the in-medium vertices.
Vertex Coupling constant
NNω gNNω = gS cos(θv) +
1√
6
(3gF − gD) sin(θv)
NNφ gNNφ = gS sin(θv)− 1√6 (3gF − gD) cos(θv)
NNρ gNNρ =
√
2(gF + gD)
ΛΛω gΛΛω = gS cos(θv)−
√
2
3gD sin(θv)
ΛΛφ gΛΛφ = gS sin(θv) +
√
2
3gD cos(θv)
ΣΣω gΣΣω = gS cos(θv) +
√
2
3gD sin(θv)
ΣΣφ gΣΣφ = gS sin(θv)−
√
2
3gD cos(θv)
ΣΣρ gΣΣρ =
√
2gF
ΛΣρ gρΛΣ =
√
2
3gD
ΞΞω gΞΞω = gS cos(θv)− 1√6 (3gF + gD) sin(θv)
ΞΞφ gΞΞφ = gS sin(θv) +
1√
6
(3gF + gD) cos(θv)
ΞΞρ gΞΞρ =
√
2(gF − gD)
Table 8: SU(3) relations for the ω, ρ and φ baryon coupling constants, relevant for the mean-
field sector of the theory.
6.2. SU(3) In-medium vertices
Since we are primarily interested in mean-field dynamics we consider in this
section interactions in the vector and the scalar channels only. From DBHF
theory we have available in-medium isoscalar and isovectorNN -vector andNN -
scalar vertices as density dependent functionals Γα(ρ), see Fig. 5. Thus, the
SU(3) relation, Tab. 8, lead to the set of equations for the vector sector
Γω(ρ) = gvS cos(θv) +
1√
6
(3gvF − gvD) sin(θv)
Γφ(ρ) = gvS sin(θv)− 1√
6
(3gvF − gvD) cos(θv)
Γρ(ρ) =
√
2(gvD + gvF ) (70)
and accordingly for the scalar sector,
Γσ(ρ) = gsS cos(θs) +
1√
6
(3gsF − gsD) sin(θs)
Γσ′(ρ) = gsS sin(θs)− 1√
6
(3gsF − gsD) cos(θs)
Γδ(ρ) =
√
2(gsD + gsF ) (71)
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For the present discussion we assume that the NNf ′-singlet vertices Γφ,σ′ van-
ish as it would be the case in the quark-model under ideal mixing conditions.
Obviously, this constraint is easily relaxed and generalized scenarios with non-
vanishing NNf ′ coupling can be investigated.
Figure 11: In-medium SU(3) vector vertices. The NN and ΛΛ vertices are found in the left
column, the ΣΣ and ΞΞ vertices are displayed in the right column. Note that the NNφ and
the ΛΛρ coupling constants vanish identically.
The resulting SU(3) vertices are displayed in Fig. 9 and Fig. 10 for the
vector and the scalar nonets, respectively. In both the vector and the scalar
channel, gD is found to be negative and with a modulus smaller than gF , gS
by a factor 5 to 10 which is in surprisingly good agreement with the general
conclusion that gD should be small. However, here we derive this result from
an input of coupling constants which describe perfectly well infinite nuclear
matter and nuclear properties. The vertex functionals depend only weakly on
the density with variations on the 10% level over the shown density range.
The resulting BB vector and scalar vertices are shown in Fig. 11 and Fig.
12. The scaling hypothesis works quite well for the Λ-hyperon where up to
saturation density indeed an almost constant value of about Rω,σ ∼ 0.5 · 0.6 is
found, also surprisingly close to the quark model estimate. Roughly the same
situation is found for the isoscalar-octet vertices in the Σ- and Ξ -channels:
The isoscalar-octet Σ-vertex scaling factors agree to a good approximation with
the values found for the Λ. The isoscalar-octet Ξ scaling factors are ranging
close to 0.25 · · ·0.3 which is surprisingly close the quark-model expectation of
1
3 . However, the ΞΞσ vertex involves also a change of sign which would never
obtained by the scaling hypothesis. The isovector interactions do not follow
the na¨ıve quark-model scaling hypothesis. There, one finds scaling constants
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Figure 12: In-medium SU(3) scalar vertices. The NN and ΛΛ vertices are found in the left
column, the ΣΣ and ΞΞ vertices are displayed in the right column. Note that the NNσ′ and
the ΛΛδ coupling constants vanish identically.
of the order of unity. In hypermatter with more than a single hyperon, sizable
condensed isoscalar-singlet fields will evolve to which the Λ,Σ,Ξ-baryons will
couple. The Ξ-interactions, for example, are dominated by the isoscalar-singlet
and the isovector-octet channels which might shed new light on the dynamics
of S = −2 hypernuclei.
In Fig. 13 we show the vertex functionals leading to the mixing of Λ and Σ0
hyperons in asymmetric hypermatter, as discussed in section 2.1. The resulting
non-diagonal mixing self-energy will be obtained by the difference of the vector
and the scalar partial contribution, obtained by multiplying the vertices of Fig.
13 by the isosvector-vector and the isovector-scalar density, respectively.
7. Summary and Outlook
Strangeness physics is a field of particular interest for our understanding
of baryon dynamics in the very general context of low-energy flavor physics.
The well known SU(3) scheme connects the various interaction vertices of octet
baryons and meson multiplets and also here, we have exploited those relations
serving to reduce the number of free parameters. A new set of interaction
parameters for free space baryon-baryon interactions was derived and used in in-
medium calculations. The density dependence of Y N and Y Y interactions was
investigated by considering the evolution of low-energy scattering parameters
with increasing density of the background medium. The general trend of the
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Figure 13: In-medium SU(3) Λ -Σ0 interaction vertices resulting from the isovector-vector
and isovector-scalar interactions, respectively.
scattering lengths reflects a rapid decrease of the effective interaction strengths
at higher density. In detail, however, the density dependence is different for each
of the various strangeness channels. This behaviour is driven to a large extent
by the mass differences, thus being a consequence of SU(3) symmetry breaking
on the mass scale. An open problem for the future is the consistent treatment
of three- and many-body forces, urgently needed for neutron star physics, see
e.g. [36].
For systematic studies of nuclear properties, a density functional approach
was presented, following closely and extending our previously introduced DDRH
theory. Density dependent nucleon-meson vertices from DBHF theory are being
used in a covariant approach. Results for infinite hyper matter and finite Λ-
hypernuclei were discussed. In hypermatter the minimum of the binding energy
per particle was found to be shifted by adding Λ hyperons to larger density and
stronger binding. Using the same interaction in our covariant energy density
functional, a good description of the known set of hypernuclear Λ-separation
energies was obtained.
In a next step, we have exploited the SU(3) relations in a completely different
context. Starting from well established NN -DBHF results the SU(3) relations
were used to derive in-medium vector and scalar fundamental coupling constant
{gD, gF , gS} and the corresponding vertices in the various BB channels. For
the first time, an approach was presented allowing to investigate the density
dependence of the full set of SU(3) coupling constants. We emphasize again
that these vertex functionals are based on microscopically derived NN -vertices,
describing nuclear properties very well. Since the input of DBHF-vertices are
directly obtained from free-space NN -interactions, the resulting BB-vertices
are of ab initio nature. Applications of these interactions in nuclear matter and
hypernuclear calculations are in preparation. An interesting case is the mean-
field induced mixing briefly discussed in section 2.1 which seems to have been
overlooked largely.
An interesting result is that the quark-model scaling hypothesis is roughly
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recovered from the BB-vertices, calculated independently without imposing ex-
plicitly quark-model constraints. However, since the underlyingNN -interactions
were determined from data, they contain necessarily already implicitly the
full information on SU(3)-relations, if they are of any importance for BB-
interactions. Because the Dirac-Brueckner-equations are symmetry conserving,
the DBHF-quantities still carry that information and confirm surprisingly well
the seemingly ad hoc assumptions of the scaling hypothesis.
Last but not least, the BB interactions discussed here are also of interest
for reaction studies. First of all, they may be used to describe bound states of
hyperons, produced in any kind of reaction, e.g. the ones discussed elsewhere
in this volume [19]. Secondly, in-medium cross sections can be calculated to be
tested in transport calculations.
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